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[Document Name] Claims 
(Claim 1] 

Semiconductor ultrafine particles^ which 
5 maintain 50% or more fluorescence quantum yield of 

photoiuminescence when the particles are kept dispersed in 
water at 10*^C to 20*^C in air for five days. 

[Claim 2) 

10 Semiconductor ultrafine particles according to 

Claim 1^ wherein the particles belong to Gtoup II-VI 
semiconductor ultrafine particles. 

[Claim 3] 

15 Semiconductor ultrafine particles according to 

Claim 2, wherein the particles are cadmium telluride. 

[Claim 4] . 

A fluorescent material which is obtained by 
20 dispersing semiconductor ultrafine particles according to 
any one of Claims 1 to 3 in a glass matrix formed by a 
sol-gel process. 

[Claim 5] 

25 A fluorescent material wherein semiconductor 

ultrafine particles with 20% or more fluorescence quantum 
yield of photoiuminescence are dispersed in a glass matrix 
f omed by a sol-rgel process. 

30 [Claim 61 

A fluorescent material according to Claim 5 
wherein semiconductor ultrafine particles with 20% or more 
fluorescence quantum yield of photoiuminescence are 
dispersed in a glass matrix formed by a sol-gel process, 
35 wherein a concentration of semiconductor ultrafine 
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particXes in the glass matrix is 2 x 10"^ to 2 x 10"^ mol/L. 



[Claim 7] 

A fluorescent material according to Claim 5 or 6, 
5 wherein semiconductor uXtrafine particles have a 
fluorescence quantum yield of 30% or more. 

[Claim 8] 

A fluorescent material according to Claim 5 or 6, 
10 wherein semiconductor ultraf ine particles have a 
fluorescence quantum yield of 40% or more. 

(Claim 9] 

A fluorescent material according to Claim 5, 
15 wherein the semiconductor ultrafine particles are any one 
of Claims 1 to 3 . 

[Claim 10] 

A fluorescent material according to any one of 
20 Claims 4 to 9, wherein the glass matrix is formed by a 

sol-gel process using ah organoalkoxysilane as a starting 
material. 

[Claim 111 

25 A fluorescent material according to Claim 10, 

wherein the organoalkoxysilane comprises an amino group. 

[Claim 12] 

A fluorescent material according to any one of 
30 Claims 4 to 11, which is formed on a glass substrate. 

[Claim 13] 

A fluorescent material according to any one of 
Claims 4 to 12^ which is a thin film with a thickness of . 
35 about 100 microns or less. 
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[Claim 14] 

A fluorescent material according to any one of 
Claims 4 to 13, which has a Vickers hardness of not less 
5 than 50. 

[Claim 15] 

A method for manufacturing semiconductor 
ultrafine particles according to Claim 1 or 2; 

10 the method comprising introducing a compound 

containing a gaseous Group VI element under an inert 
atmosphere into an aqueous alkaline solution in which a 
water-soluble compound containing a Group II element and a 
surfactant are dissolved; wherein 

15 the amourit of surfactant is about 1 to about 1.5 

mol per 1 mol of the Group II element; and 

ultrapure water in which the specific resistance 
is 18 MQ'cm or more and the total amount of organic 
Qompound (TOG) contained therein is 5 ppb or less is used 

20 as a solvent, 

[Claim 16] 

A method of manufacturing a fluorescent material 
according to any one of Claims 4 to 14, the method 
25 comprising adding a dispersion of semiconductor ultrafine 
particles according to any one of Claims 1 to 3 to a sol 
solution containing a metal alkoxide, to cause hydrolysis 
and condensation polymerization, thereby forming a glass 
matrix. 

30 

[Claim 17 J 

A method of manufacturing a fluorescent material 
according to Claim 16, wherein the dispersion of the 
semiconductor ultrafine particles is added when the 
35 viscosity of the sol solution containing a metal alkoxide 
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reaches 300 centipoises to 3000 centipoises. 



[Claim 18] 

A method of manufacturing a fluorescent material 
5 according to Claim 16 or 11, wherein water-soluble 
carbodiimide is further added to a sol solution using 
organoalkoxysilane that contains amino group as metal 
alkoxide. 

10 [Claim 19] 

A method of manufacturing a fluorescent material 
according to any one of Claims 16 to 18 ^ wherein a heat 
treatment is conducted after forming a glass matrix by a 
sol-gel method. 

15 

[Claim 20] 

A lighting device con4)rising: 

a light emitter composed of a fluorescent 

material according to any one of Claims 4 to 14; and 
20 a light source which emits excitation light with 

a wavelength of 320 nm to 600 nm for exciting the 

fluorescent material. 

[Claim 21] 

25 A display device comprising: 

a display device composed of a fluorescent 
material of any one of Claims 4 to 14; and 

a light source which emits excitation light with 
a wavelength of 320 nm to 600 nm for exciting the 
30 fluorescent material. 

(Claim 22 J 

A device according to Claim 20 or 21, wherein 
the light source is LED. 

35 
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[Claim 23] . 

A display device according to Claim 18/ wherein 
display elements composed of a fluorescent material of any 
one of Claims 4 to 14 are formed on a substrate as a group 
5 of minute regions of 200 microns or less. 

[Claim 24] 

A display device according to Claim 22 or 23, 
which has a mechanism for modulating the intensity of 
10 excitation of light based on information signal. 

[Claim 25] 

A display device according to Claim 24 > wherein 
the mechanism for modulating the intensity of excitation 
15 of light based oh information signal conducts modulation 
by using a polarizer or liquid crystal molecules- 
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[ Document Name] Specification 
[Title of the Invention] 

SEMICONDUCTOR ULTE^FINE PARTICLES AND FLUORESCENT MATERIAL 
[Technical Field] 
5 [0001] 

The present invention relates to s^iconductor 
ultrafine particles, a fluorescent material ^ and a 
manufacturing process therefor, and a lighting device and 
display device using the fluorescent material, 
10 [Baclcground of the Invention] 
[0002] 

In the ongoing information technology revolution, 
display elements and assemblies thereof, i.e., monitors 
such as displays, play an important role as interfaces 

15 between people and various types of egfuipment. Such 
display elements are faced with continuous demands for 
higher brightness and higher resolution, and must also be 
as thin and lightweight as possible. Fluorescent 
materials with high fluorescence quantum yield and 

20 brightness are indispensable for meeting such requirements. 
Moreover, such fluorescent miaterials are also used in a 
wide variety of applications for lighting materials, 
therefore, research has been conducted to develop such 
fluorescent materials for about 100 years, starting in the 

25 beginning of the 20^^ century. 
[0003] 

Dyes and metal ions have long been known as 
fluorescent materials. As fluorescent materials for use 
in display elements and lighting devices, inorganic 

30 matrices in which metal ions, particularly rare earth ions 
or transition metal ions, are dispersed have so far been 
used. These fluorescent materials have been researched 
extensively and are being constantly improved because rare 
earth ions and transition metal ions change little over 

35 time and are degraded only minimally by light irradiation 
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in comparison with organic Dyes, However, the transition 
of such rare earth ions and transition metal ions is a 
forbidden transition type in many cases, and hence their 
emission lifetime is about 1 ms (millisecond) . 
5 Accordingly, even when such ions are irradiated with . 
intense excitation light in an attempt to achieve higher 
brightness, such ions fail to rapidly convert this light 
to the desired emitting light, and the phenomenon referred 
to as brightness saturation occurs. This phenomenon is a 

10 major obstacle to achieving higher brightness through the 
use of rare earth ions or transition metal ions. Moreover, 
it is generally necessary to vary the excitation 
wavelength according to the wavelength of the emitted 
light. 

15 [0004] 

In recent years, attention has been drawn to the 
discovery that surface-treated semiconductor ultrafine 
particles emit light with high efficiency. Typical 
examples of semiconductor ultrafine particles are 

20 particles of Group II-VI compounds whose diameters are on 
the order of several nm. These particles display so- 
called quantum size effects, with smaller particles having 
a wider band gap. For this reason, such particles can emit 
various colors depending on the particle size even when 

25 all are irradiated with ultraviolet light of the same 
wavelength, with smaller particles emitting shorter 
wavelengths of light- For example, when irradiated with 
ultraviolet light, cadmium selenide emits blue light when 
in the form of particles with a diameter of about 2 nm, 

30 and red light wheii in the form of particles with a 

diameter of about 5 nm. The emission lifetime of these 
semiconductor ultrafine particles is about 10 ns 
(nanosecond). For this reason^ excitation light can be 
converted to the necessary light at a speed five orders of 

35 magnitude more rapidly than with a fluorescent material 
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based on rare earth ions or transition metal ions, and the 
excitation light can be reabsorbed and emitted, making it 
possible to ensure extremely high brightness- Another 
advantage is the ability to promptly follow the ON and OFF 
5 cycles of excitation light. 
[0005] 

It should be noted, however, that such 
semiconductor ultrafine particles have a large specific 
surface area because of their small particle size, which 

10 makes it important to reduce the number of surface defects 
by a surface treatment to suppress radiationless 
deactivation in order to raise the fluorescence quantum 
yield- Sulfur^containing compounds can suitably be used 
for such surface treatment. Typical exait^les include 

15 thiols and other organic surfactants, as well as zinc 
sulfide. Since semiiconductcr ultrafine particles whose 
surface is thoroughly coated using such compounds are 
. incredibly bright, it has been shown in the latest 
research that emission from each individual particle can 

20 be separately detected and spectroscopically resolved. 
This can be regarded as an excellent characteristic 
unattainable with a rare earth or transition metal 
fluorescent material. Another significant advantage of 
semiconductor ultrafine particles is that various colors 

25 can be emitted in accordance with the particle size by 
irradiating the particles with light whose single 
wavelength is shorter, that is, has higher energy, than 
the band gap. In other words, the advantage of such 
fluorescent materials is that the excitation wavelength 

30 can be suitably selected and that even when the same 

material is used, emission with the desired wavelength can 

be obtained by varying the particle size. 

[0006] 

Such semiconductor ultrafine particles are 
35 currently produced by a colloidal method* There are two 
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types of particles: those that are produced in an aqueous 
solution^ and those that are produced in a nonaqueous 
solution. 
[0007] 

5 A typical example of such ultrafine particles 

produced in an aqueous solution is cadmium telluride, 
which has a fluorescence quantum yield of several percent 
(Non-Patent Document 1) . Ultrafine particles produced by 
this procedure are dispersed in water and are stable for a 
10 while r however, they are inferior in the fluorescence 
quantum yield to the ultrafine particles produced in a 
non-aqueous solvent described below. 
[0008] 

In contrast r it was recently reported that 
15 ultrafine particles produced by an aqueous solution method 
were subjected, after the formation of ultrafine particles, 
to a process of decreasing the pH of the solution or to a 
process of etching the particles by irradiating them with 
light/ thereby manufacturing ultrafine particles with a 
20 fluorescence quantum yield of about 40% (Non-Patent 

Document 2). However, ultrafine particles produced in a 
pH-reduced solution are unstable, and fluorescence quantum 
yield decreases to half or less in air in about 7 days. 
Since etching ultrafine particles by irradiation with 
25 light requires about five days and the particle size 

distribution of the produced particles expands, the widtli 
of the emission spectrum also adversely enlarges. 
[0009] 

A process by which ultrafine particles are 
30 produced using prganometallic pyrolysis is known for 
producing such fluorescent materials in a nonaqueous 
solution (Noil-Patent Document 3). This method is 
advantageous in that, for example, a quantum yield in 
excess of 20% can be obtained with ultrafine particles of 
35 cadmiiMtt selenide, and although the resulting ultrafine 
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particles themselves are insoluble in water, coating the 
surface with ionic organic molecules makes the particles 
soluble in water so they can be handled in the same way as 
the previously described cadmium telluride particles 
5 obtained from an aqueous solution. However^ this method 
disadvantageously requires expensive and complicated 
experimental equipment, and special considerations to 
ensure safety. Another drawback is that in laost cases 
ultrafine particles thus produced remain stable in water. 
10 for only about a few hours. Therefore, these drawbacks 
are major factors impeding the practical application of 
particles produced in a nonaqueous solvent. 
[0010] 

Thus, isiirface-^coated semiconductor ultrafine 
15 particles emit extr^ely bright light but cannot easily be 
kept stable in an aqueous solution. Oltrafine particles 
of cadmium telluride obtained by an aqueous solution 
method usually aggregate and precipitate in about five 
days in air at room temperature. For this reason, the 
20 emission performance is lost. 
[0011] 

For the above reasons, conventional 
semiconductor ultrafine particles lack practicality as an 
engineering material because the particles in the form of 
25 a solution cannot maintain their fluorescence quantum 

yield at room temperature in air for a long time, even if 
the particles originally emit extremely bright light . 
[0012] 

Several atteic^ts have therefore been made to 
30 support and stabilize such surface-coated semiconductor 
ultrafine particles in a solid matrix. There is, for 
example, a report concerning a method for fixing such 
particles in an organic polymer (Non- Patent Document 4) . 
However, polymers used as a matrix have low levels of 
35 light resistance, heat resistance/ and other properties. 
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and gradually permit the passage of water and oxygen. The 
resulting drawback is a gradual degradation of the 
ultrafine particles thus fixed- In addition^ in a mixture 
of ultrafine particles as an inorganic material and a 
5 polymer as an organic material^ the ultrafine particles 
are apt to aggregate if the dispersion concentration of 
the ultrafine particles is high^ and therefore the 
fluorescent material tends to have inferior 
characteristics as a light^emitting material. 
10 [0013] 

To overcome the drawbacks of such polymer 
matrices, an attempt has been made to disperse ultrafine 
particles in a glass matrix by a sol-gel process using 
tetraalkoxysilane (Non-Patent Document 5) • In this method, 
15 however, the ultrafine particles are insoluble in water, 
so usable sol-gel processes are limited and only gelled 
products can be obtained. In addition, the fluorescence 
quantum yield in this case is reported to be about 10% at 
the maximum. 

20 (Non-Patent Document 1] ; Gao, et al., Journal of 

Physical Chemistry, B, vol. 102, p. 8360 (1998) 

[Non-Patent Document 2]; Gaponik et al.. Journal 
of Physical Chemistry, B, vol. 106, p, 7X77 (2002) 

(Non- Patent Document 3] : Bawendi, et al., 
25 Journal of Physical Chemistry, B, vol, 101, p. 9463 (1997) 

[Non- Patent Document 4]: Bawendi, et al.. 
Advanced Materials f vol, 12, p. 1103 (2000) 

[Non-Patent Documient 5]: Selvan, et al.. 
Advanced Materials, vol. 13, p. 985 (2001) 

30 

[Disclosure of the Invention] 

[Problem to be Solved by the Invention] 

[0014] 

The present invention was made in view of the 
35 problems of the prior art, and the principal object is to 
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provide a novel fluorescent material that has better 
brightness than conventional fluorescent materials using 
dispersed rare earth ions^ transition metal ions, or the 
like, that possesses excellent light resistance, temporal 
5 stability, and the like, 
[0015] 

It is another object of the present invention to 
provide a light -emitting device such as a high-brightness 
display device or lighting device using such a fluorescent 
10 material . 

[Means for Solving the Problem] 
[0016] 

The inventors conducted extensive research to 
attain the above-described objects and found the following. 

15 In the production process of semiconductor ultrafine 
particles from an aqueous solution, the amount of 
surfactant to be used, the purity of the water, and other 
conditions could be appropriately determined, thereby 
obtaining novel semiconductor ultrafine particles with a 

20 favorable water dispersibility and a high fluorescence 

quantum yield that can be maintained for a long period of 
time even in a solution containing water in air. The 
inventors also found that the sqwiconductor ultrafine 
particles thus obtained can maintain good dispersibility 

25 and fluorescence performance while glass is formed from a 
metal alkqxide when the particles are dispersed in a glass 
matrix using a sol^gel method, yielding a fluorescent 
material with outstanding performance- The present 
invention has been accomplished based on the above 

30 findings. 
[0017] 

More specifically, the invention provides the 
following semiconductor ultrafine particles, fluorescent 
materials, manufacturing processes therefor, and lighting 
35 devices and display devices using the fluorescent material. 
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[0018] 
[Item 11 

Semiconductor ultrafine particles, which 
maintain 50% or more fluorescence quantum yield of 
5 photoluminescence when the particles are kept dispersed in 
water at lO^C to 20°C in air for five days. 
[0019] 
[Item 2] 

Semiconductor ultrafine particles according to 
10 Item I, wherein the particles belong to Group II -VI 
semiconductor ultrafine particles. 

[00201 
[Item 3] 

15 Semiconductor ultrafine particles according to 

Item 2, wherein the particles are cadmium telluride. 
[0021] 
[Item 4] 

A fluorescent material which is obtained by 
20 dispersing semiconductor ultrafine particles according to 
any one of Items 1 to 3 in a glass matrix formed by a sol- 
gel process. 
[0022] 
[Item 5] 

25 A fluorescent material wherein saalconductor 

ultrafine particles with 20% or more fluorescence quantum 
yield of photoluminescence are dispersed in a glass matrix 
formed by a sol-gel process. 
[0023] 

30 [Item 6] 

A fluorescent material according to Item 5 
wherein semiconductor ultrafine particles with 20% or more 
fluorescence quantum yield of photoluminescence are 
dispersed in a glass matrix formed by a sol-gel process/ 
35 wherein a concentration of semiconductor ultrafine 
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particles in the glass matrix is 2 x 10'^ to 2 x 10"^ mol/L. 

[0024] 

[Item 7] 

A fluorescent material according to Item 5 or 6, 
5 wherein semiconductor ultraf ine particles have a 
fluorescence quantum yield of 30% or more. 
[0025] 
[Item 8] 

A fluorescent material' according to Item 5 or 6, 
10 wherein semiconductor ultraf ine particles have a 
fluorescence quantum yield of 40% or more. 

too26] ; ■ ^ ' 

[Item 9] 

A fluorescent material according to Item 5, 
15 wherein the semiconductor ultraf ine particles are any one 
of Claims 1 to 3. 
[0027] 
[Item 10] 

A fluorescent material according to any one of 
20 Items 4 to 9, wherein the glass matrix is formed by a sol- 
gel process using an organdallcoxysilane as a starting 
material. 

[0028] 
25 [Item 11] 

A fluorescent material according to Item 10, 
wherein the organpaDcoxysilane comprises an amino group. 
[0029] 
[Item 12) 

30 A fluorescent material according to any one of 

Items 4 to 11, which is formed on a glass substrate, 
[0030] 
[Item 13] 

A fluorescent material according to any one of 
35 Items 4 to 12, . which is a thin film with a thickness of 



-IS- 

about 100 microns or less. 

[0031] 

[Item 14] 

A fluorescent material according to any one of 
5 Claims 4 to 13, which has a Vickers hardness of not less 
than 50- 
[0032] 
[Item 15] 

A method for manufacturing semiconductor 
10 ultrafine particles according to Item 1 or 2; 

the method comprising introducing a compound 
containing a gaseous Group VI element under an inert 
atmosphere into an aqueous alkaline solution in which a 
water-soluble compound containing a Group II element and a 
15 surfactant are dissolved; wherein 

the amount of surfactant is about 1 to about 1.5 
mol per 1 mol of the Group .II element; and 

u3,trapure water in which the specific resistance 
is 18 MQ'cm or more and the total amount of organic 
20 confound (TOC) contained therein is 5 ppb or less is used 
as a solvent. 
[0033] 
[Item 16] 

A method of manufacturing a fluorescent material 
25 according to any one of Items 4 to l4, the method 

comprising adding a dispersion of semiconductor ultrafine 
particles according to any one of Claims 1 to 3 to a sol 
solution containing a metal alkoxide, to cause hydrolysis 
and condensation polymerization, thereby forming a glass 
30 matrix • 
[0034] 
[Item 17] 

A method of manufacturing a fluorescent material 
according to Item 16, wherein the dispersion of the 
35 semiconductor ultrafine particles is added when the 
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viscoaity of the sol solution containing a metal alkoxide 
reaches 300 centipoises to 3000 centipoises, 
[0035) 
[Item 18] 

5 A method of manufacturing a fluorescent material 

according to Item 16 or 17, wherein water-soluble 
carbodiimide is further added to a sol solution using 
organoalkoxysilane that contains amino group as metal 
alkoxide. 
10 [0036] 

[Item 19] 

A method of manufacturing a fluorescent material 
according to any one of Items 16 to 18, wherein a heat 
treatment is conducted after forming a glass matrix by a 
15 sol-gel method. 
[0037] 
[Item 201 

A iighting device corrqarising: 
a light emitter composed of a fluorescent 
20 material according to any one of Items 4 to 14; and 

a light source which emits Excitation light with 
. . a wavelength of 320 nm to 600 nm for exciting the . 
fluorescent material , 
[0038] 
25 [Item 21] 

A display device conprising: 

a display device coii¥>osed of : a fluorescent 

material of any one of Items 4 to 14; and 

a light source which emits excitation light with 
30 a wavelength of 320 nm to 600 nm for exciting the 

fluorescent material . 

[0039] 

[Item 22] 

A device according to Item 20 or .21, wherein the 
35 light source is LED, 
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[0040] 
(Item 23] 

A display device according to Item 18^ wherein 
display elements composed of a fluorescent material of any 
5 one of Items 4 to 14 are formed on a substrate as a group 
of minute regions of 200 microns or less. 
[0041] 
[Item 241 

A display device according to Item 22 or 23, 
Id which has a mechanism for modulating the intensity of 
excitation of light based on information signal. 
[0042] 
[Item 25] 

A display device according to Item 24, wherein 
15 the mechanism for modulating the intensity of e:&citation 
of light based on information signal conducts modulation 
by using a polarizer or liquid crystal molecules. 
[0043] 

Hereinafter, the semiconductor ultrafine 
20 particles of the invention, a fluorescent material using 

the ultrafine particles, and the use thereof are described. 
[0044] 

Seipaiconductor ultrafine particles 

The semiconductor ultrafine particles of the 

25 invention can maintain 50% or more fluorescence quantum 

yield of phbtoluminescence when they are kept dispersed in 
welter at IQ^C to 20^C for five days in air. The use of the 
semiconductor ultrafine particles can increase the 
fluorescence quantum yield when the particles are 

30 dispersed in a glass matrix by a procedure that will be 
described later. The semiconductor ultrafine particles 
with such characteristics are novel and cannot be obtained 
by conventional manufacturing methods. Moreover, the 
particles are stable in a water-containing solution for a 

35 long period of time. This allows the semiconductor 
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ultrafine particles of the invention to be, for example, 
dispersed and supported at high concentration in a glass 
formed by a sol-gel process, thereby providing a 
fluorescent material which has high fluorescence quantum 
5 yield and is excellent in mechanical properties, heat- 
resistant properties, chemical stability, etc. 
[0045] 

In the specification, the fluorescence quantum 
yield of the semiconductor ultrafine particles is 

10 determined by a standard method in the art, i,e,, 
comparison with a dye molecule, whose absorption 
coefficient and fluorescence quantum yield are known (e.g., 
Dawson, et al.. Journal of Physical Chemistry, vol, 72, p. 
3251 (1968)) . 

15 [0046] 

In the invention, semiconductor ultrafine 
particles can belong to the Group II-VI semiconductor 
ultrafine particles that undergo direct transition and 
emit light in the visible range , Examples thereof include 
20 cadmium sulfide, zinc selenide, cadmium selenide, zinc 
^ telluride, and cadmium telluride. Examples thereof 
further include indium arsenide and indium phosphide, 
which belong to the Group 
[0047] 

25 Among such semiconductor ultrafine particles, 

those that can maintain 50% or more fluorescence quantum 
yield of photoluminescence when they are kept dispersed in 
water at iO^C to 20**C for five dayfi in air, as described 
above, can be manufactured by, for example, the following 

30 process. 
[0048] 

More specifically, one or more Group-VI element 
compounds are introduced into an alkaline aqueous solution 
under an inert atmosphere in which, a waters-soluble 
35 compound containing a Group-II element and a surfactant 
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are dissolved, thereby obtaining Group II-VI 
semiconductors . A Group- VI element compound can also be 
used in the form of gas- 
[0049] 

5 In this process, preferable as a water-soluble 

compound containing a Group-II element is perchlorate. For 
example, cadmium perchlorate can be used when the Group-ll 
element is cadmium. Surfactants comprising a thiol group, 
which is a hydrophobic group, and a hydrophilic group are 

10 preferable. Usable as hydrophilic groups are anionic 
groups, such as a carboxyl group and the like, cat ionic 
groups, such as an amino group and the like, hydroxyl 
groups, etc., and in particular anionic groups, such as a 
carboxyl group and the like are preferable. Specific 

15 examples of surfactants include thioglycolic acid, 
thioglycerol, mercaptoethylamine, etc. 
[0050] 

As a gaseous Group-VI element compound, Group-VI 
element hydrides, etc., are usable, and for example, a 

20 hydrogen telluride can be used when the Group-VI element 
is tellurium. Alternatively, a hydrogen telluride is 
allowed to react with sodium hydroxide to yield sodium 
hydrogen telluride, which can be introduced in a state of 
a solution. 

25 [0051] 

In the invention, ultrafine particles 
sufficiently inqparted with the above-described properties 
can be obtained by adjusting the amount of surfactant used 
for manufacturing the ultrafine particles within the range 

30 . of about 1 to about 1.5 mols per mol of Group-II 

element (s) contained in the aqueous solution. This amount 
of surfactant is considerably sra^ll as compared with that 
used in the conventional process for manufacturing 
ultrafine particles from an aqueous solution (2.43 mols 

35 per mol of Group-II element) . However, in the invention. 
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the use of a surfactant in an amount within the above- 
specified range provides ultrafine particles with higher 
fluorescence quantum yield than that of the conventional 
semiconductor ultrafine particles. 
5 [0052] 

The amount of surfactant exceeding the above- 
mentioned range tends to decrease the fluorescence quantum 
yield of the ultrafine particles obtained because the 
large amount of surfactants adsorbed on the surface of the 

10 ultrafine particles can possibly increase the number of 
defects appearing on the surface of the ultrafine 
particles. In contrast^ the excessively small amount 
thereof compared with the above-mentioned range also 
decreases the fluorescence quantum yield because the 

15 ultrafifte particles easily agglomerate due to the 
extremely small amount of surfactant. 
[0053] 

In the invention, high-purity water is used for 
producing ultrafine particles. It is appropriate to use 

20 ultrapure water in which the specific resistance is 

18MQ«cm or more and the total amount of organic compound 
(TOO in the water is 5 ppb or less, preferably 3 ppb or 
less. A reaction container, etc., is sufficiently washed 
using such high-purity water and the high-purity water is 

25 used as a reaction solvent, thereby obtaining 

semiconductor ultrafine particles with excellent 

luminescent performance. 

[00541 

There is no limitation to the concentration of 
30 the water-soluble compound containing a Group-II element 
during the production of SCTiiconductor ultrafine particles 
However, extremely low concentration may impair the 
reaction efficiency, and, on the other hand, excessively 
high concentration may cause precipitation. Accordingly, 
35 the concentration is preferably within the range of about 
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0.01 to about 0.02 moX/h, and more preferably about 0.013 

to 0.018 mol/L. 

[0055] 

The amount of Group VI element compound is not 
5 limited, and is generally about 0.3 to about 1,5 mols of 
Group VI ion per mol of Group II ion, and is preferably 
about 0.4 to about 0.9 mols of Group IV ion per mol of 
Group II ion. 
[0056] 

10 The above-described reaction can be carried out 

by bubbling, under an inert atmosphere, a gaseous Group-VI 
element compound in an aqueous solution in which a water- 
soluble compound containing a Group- II element and a 
surfactant are dissolved. 

15 [0057] 

There is no limitation to the inert gas insofar 
as the gas does not affect the reaction. Preferable 
exanqples of the inert gas include argon gas/ nitrogen gas, 
helium gas, and the like. 
20 [0058] 

The above-described reaction can be usually 
performed at room tenqperature. The pH of the aqueous 
solution is preferably about 10 to about 12/ more 
preferably 10.5 to 11.5. The reaction is usually complete 
25 within about 10 minutes after the introduction of the 
Group VI c<xnpound. 
[0059] 

The diameter of the ultraf ine semiconductor 
particles obtained by the above-described process is 

30 generally on the order of nanometers . Semiconductor 

ultrafine particles manufactured by the above-described 
process are subjected to reflux, thereby controlling the 
particle size thereof. The particle size can be enlarged 
by increasing the reflux time. 

35 [0060] 
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The particle size determines the emitted color 
of the semiconductor ultrafine particles, and particles 
with smaller sizes emit shorter wavelengths of light. In 
general/ the particle size of the semiconductor ultrafine 
5 particles is preferably about 2 to about 10 nm, 
(0061] 

To obtain ultrafine particles that emit 
monochromatic lights the reflux time should be kept 
constant and the synthesis process adjusted so that the 

10 standard deviation of the size distribution is 20% or less, 
and preferably 15% or lesp, of the mean particle size. It 
is unsuitable for the standard deviation of the size 
distribution to exceed 20% because in this case various 
types of light mix with each other, and it becomes 

15 difficult to obtain the color tone required for the 
display material . 
(00621 

The thus -obtained dispersion of semiconductor 
ultrafine particles usually contains, besides the target 

20 semiconductor ultrafine particles; a Group-II element ion 
used as a starting material, a surfactant, a fine cluster 
less than 1 nanometer, etc ^ The dispersion of 
semiconductor ultrafine particles may be directly 
dispersed in a glass matrix, to thereby yield a 

25 fluorescent material according to the process described 
later. The ultrafine particles contained in the 
dispersion are separated in terms of their approximate 
particle size, to thereby obtain ultrafine particles with 
a narrow particle size range. Using a dispersion in which 

30 the ultrafine particles are re-dispersed in water, the 
semiconductor ultrafine particles are dispersed and 
immobilized in a glass matrix, providing a fluorescent 
material with high fluorescence quantum yield and a narrow 
emission spectrum. 

35 [0063] 
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The ultrafine particles can be separated in 
terms of the approximate same particle size by 
successively depositing particles by centrifugation or the 
like in the order of decreasing particle size^ utilizing 
5 the fact that larger ultrafine particles have lower 

solubility. During this process, since the solubility of 
the ultrafine particles is lowered by adding alcohol to 
the dispersion of ultrafine particles, gradually adding 
small quantities of alcohol to the dispersion makes it 
10 possible to successively deposit ultrafine particles in 
the order of decreasing particle size, thereby refining 
the ultrafine particles to have approximate particle sizes. 
C0064] 

When the ultrafine particles thus refined arei 

15 re-dispersed in water, although high fluorescence quantum 
yield can be obtained, the dispersion is unstable as is. 
The reason is assumed that the ultrafine particles melt in 
order to maintain the balance relation with other 
dissolved matter. In this case, the stability of the 

20 dispersion can be enhanced by adding a water-soluble 
compound containing a Group-II element and a surfa^ctant. 
The. type of Group-II element compound, the concentration 
of the compound, the amount of the surfactant used, the pH 
of the dispersion, etc., may be adjusted in the same 

25 ranges as those of the solution used for producing Group 
II-Vl semiconductor ultrafine particles described above. 
These components may be directly added to the dispersion 
that contains the ultrafine particles or an solution 
containing these components may be prepared beforehand as 

30 a liquid for stabilizing the dispersion and added to the 
dispersion during the process of re-dispersing the 
semiconductor ultrafine particles. 
[00653 

As described above, ultrafine particle 
35 dispersion can be obtained by refining the ultrafine 
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particles in dispersion/ re-dispersing the refined 
particles in water, adding to the resulting dispersion a 
water-soluble compound containing a Group- II element and a 
surfactant / and adjusting the pH of the dispersion to a 
5 desired level. When using this dispersion for producing a 
glass fluorescent material, a fluorescent material with a 
particularly high fluorescence quantum yield can be 
obtained by dispersing the uitraf ine particles in a glass 
matrix by a process described later. 
10 [0066] 

The semiconductor ultrafine particles obtained 
by the above process are excellent in terms of water 
dispersibility and fluorescence quantum yield, and 
moreover, the high fluorescence quantum yield can be 

IS maintained for a long period of time even in a water- 
containing solution in air. Thus, when the ultrafine 
particles are dispersed in a glass matrix using a sol-gel 
method^ the ultrafine particles can maintain good 
dispersibility and fluorescence performance during the 

20 process of forming glass from a metal alkoxide, thereby 
obtaining a fluorescent material with good performance. 
Hereinafter, the process for dispersing the ultrafine 
particles in a glass matrix using a sol-gel method, and 
the fluorescent material obtained, are described, 

25 [0067] 

Fluorescent material in which semiconductor ultrafine 
particles are dispersed > 

In the invention, a matrix in which the above- 
described semiconductor ultrafine particles are dispersed 

30 is a glass matrix formed by the sol-gel method. In this 
specification, usable as a sol-gel method is a known 
process in which a metal alkoxide in a liquid state is 
subjected to hydrolysis and then to condensation 
polymerization at near room temperature, thereby forming a 

35 glass-like solid matrix. 
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[0068] 

As described above, the semiconductor ultrafine 
particles of the invention have favorable water 
dispersibility and high fluorescence quantum yield, and 
5 moreover the high fluorescence quantum yield can be 
maintained for a long period of time even in a water- 
containing solution in air. Thus, when the ultrafine 
particles are dispersed in a glass matrix using a sol-gel 
method, the ultrafine particles can maintain good 

10 dispersibility and fluorescence perfonuance during the 
formation of glass from a metal alkoxide/ thereby 
obtaining a fluorescent material with good performance • 
The glass matrix that is formed is excellent in terms of 
its mechanical property, heat resistance, chemical 

15 stability, etc., and does not substantially deteriorate 
with time as compared with a polymer matrix^ thereby 
yielding a high-perfoni\?nce fluorescent material with 
excellent durability » 
[0069] 

20 In the invention, it is particularly preferable 

to use a series of confounds referred to as 
organoalkoxysilane as a metal alkoxide. This 
organoalkoxysilane Is a confound which has a skeleton 
structure containing silicon and at least one of four 

25 bonds of silicon is bonded with a carbon atom, which is 
represented by Formula : .Xn-Si(0R) 4^ii(n = 1, 2, or 3) . 
Among the compounds represented by Fojnaula, n 1 is 
widely known. Examples of the functional group X are a 
vinyl group (CH2=CH-) , a group containing an epoxy group 

30 (a group having 3-membered ring of CCO), an amino alkyl 
group (NHaCfflHam-f wherein m is an integer of 1 to 6) , a 
methacryl group (CH2C(CH3)CO-0-CpH2p-, wherein p is an 
integer of 1 to 5) , a mercapto group (HSCqH2q^, wherein q 
is an integer of 1 to 10), a phenyl group (CsHs-)/ etc. As 

35 an alkoxy group (-OR), a methbxy group (-OCH3) r an ethoxy 
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group (-OC2HS) / etc., can be mentioned. 
[0070] 

Among the organic compounds represented by 
Formula, the compounds of Formula, wherein n is 1, m is an 
5 integer of 2 to 4, p is an integer of 2 to 4, and q is an 
integer of 2 to 4, are preferably used. Particularly 
preferable are those of Formula^ wherein n is 1, m is 3, p 
is 3, and q is 3. Further, X in the above fomula is 
preferably a group represented by H2N(CH2)ia-/ wherein m is 
10 an integer of 2 to 4; or a group represented by HS(CH2)q-, 
wherein q is an integer of 2 to 4. Specifically, 3- 
aminopropyltrimethoxy silane (APS) and 

mercaptopropyltrimethoxysilane (MPS) are preferably used. 
[0071] 

15 In these compouhds/ while a glass network 

structure (-0-Si-) k;k>l) is formed by a common sol-gel 
reaction such as hydrolysis of an alkoxy group and 
condensation polymerization, the functional group shown by 
X in the above formula is combined with the surface of the 

20 ultrafine particles^ which stabilizes the ultrafine 
particles. 
[0072] 

When using semiconductor ultrafine particles 
obtained using a surfactant with a carboxyl group, such as 

25 thioglycolic acid, it is preferable to use^ as the 

organoalkoxysilane, trialkoxysilane with an amino alkyl 
group as a functional group. Specifically, ai group shown 
by H2ll(CH2)m-(ni is an integer of 2 to 4) can be mentioned. 
In this case, since the affinity between the amino group 

30 of the organoalkoxysilane and the carboxyl group of the 
surfactant adsorbed to the surface of the semiconductor 
ultrafine particles is high, the dispersibility of the 
ultrafine particles can be increased. 
[0073] 

35 It is also useful to add to the sol solution a 
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water-soluble carbodiimide, such as l-ethyl-3- (3- 
dimethylatfoihopropyl) carbodiimide hydrochloride^ etc, 
Carbodiimide promotes dehydration condensation of the 
amino and carboxyl groups. The use of carbodiimide forms 
5 a chemical bond between the surfactant adsorbed to the 
surface of the ultraf ine particles and the glass maitriX/ 
thereby further improving dispersibility of the particles. 
The amount of carbodiimide is preferably determined in 
such a manner as to have about 0^5 to about 1.5 times, 
10 preferably about 1.0 to about 1.2 times in terms of the . 
number of mols of the carboxyl group . 
[0074] 

A well-known process can be suitably applied to 
form a glass matrix using the above-described 

15 organoalkoxysilane by a sol-gel method. For example, a 
small amount of catalyst, such as hydrochloric acid, 
nitric acid, ammonia, etc., is added to the 
organoalkoxysilane; an alcohol compound, such as ethanol, 
methanol, propanol, butanol, etc. ; and water (for example, 

20 molar ratio of about 1 : 1 to 20 : 1 to 20) , to thereby 
prepare a sol solution. The above-described aqueous 
dispersion of the semiconductor ultraf ine particles is 
added to this sol solution, and a hydrolysis and 
condensation polymerization reaction is carried out at 

25 about room temperature to about 100**C/ thereby forming a 
glass matrix. 
[0075] 

After adding a dispersion obtained by dispersing 
the water-soluble semiconductor ultraf ine particles to 

30 water to the sol solution, in order to increase the 

dispersibility of the semiconductor ultraf ine particles, a 
surfactant may be added, if needed, to this sol solution 
in such a manner as to yield a concentration of about 10'^ 
to 10"^ mol/L- The pH of the sol solution is adjusted to 

35 about 9 to 10, and a reaction is carried out at about room 
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teroperature, thereby immobilizing the semiconductor 
ultrafine particles in glass • It is preferable to employ 
a surfactant which has both a hydrophilic group and a 
thiol group, such as thioglycerol, thioglycolic acid, and 
5 mercaptoethylaminc/ etc. 
[0076] 

In order to obtain a high luminance, the amount 
of the semiconductor ultrafine particles to be added is 
preferably determined in such a manner as to yield a 
10 concentration of semiconductor ultrafine particles in the 
glass matrix of about not less than 2 x 10"^ mol/L, 
preferably about not less than 2 x 10"^mol/L. 
[0077] 

For the purpose of increaslnig the crystallinity 
15 of the glass matrix, the dispersibility of the desired 
substance and hardness of the glass matrix r and reducing 
degradation, etc., other types of alkoxides, such as 
tetraalkoxysiiane (tetramethoxysilane, teitraethoxysilane, 
tetraisopropoxysilane, etc.)/ tetraalkoxytitanium 
20 (titaniumtetraisopropoxide, etc. ) , trialkoxyaluminium 
(aluminumisoprdpoxide, etc.), etc., can be added to the 
above-described solution . 
[0078] 

According to the process of the invention, 
25 during the production of a glass matrix, it is preferable 
to add a dispersion of semiconductor ultrafine particleis 
to the sol solution after the sol-gel reaction is 
initiated and the viscosity of the sol solution has 
increased to reach a certain value after a predetermined 
30 time of period, rather than immediately after the reaction 
of the sol solution started. According to such a process, 
the ultrafine particles do not aggregate and are 
immediately dispersed uniformly in the solution to be 
immobilized in the glass matrix, thereby yielding a 
35 fluorescent material in which ultrafine particles are 
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dispersed uniformly. Moreover, the degradation of the 
surface of the semiconductor ultrafine' particles is 
minimized and no coagulation occurs even when the 
concentration of semiconductor ultrafine particle 
5 dispersion in the glass matrix reaches as high as about 2 
X 10'^ mol/L. Therefore^ a fluorescent material exhibiting 
20% or more, preferably 30% or more, more preferably 40% 
or more fluorescence quantum yield can be obtained. In 
this case, in order to obtain favorable brightness, the 
10 distribution concentration of semiconductor ultrafine 

particles is preferably about 2 x 10*"^ mol/L to about 2 x 
10"^ mol/L, and more preferably about 1 x 10"^ mol/L to 
about 2 X lO""^ mol/L. 
[0079] 

15 In the above-described process, the viscosity of 

the sol solution at the time that semiconductor ultrafine 
particles are added varies depending on the amount o,f 
semiconductor ultrafine particles to be added, etc. The 
viscosity is not limited insofar as the ultrafine 

20 particles added do not coagulaite and the homogeneity of 
the dispersion can be maintained. Generally, the 
viscosity of the sol solution may be about 300 to about 
3000 centipoises, preferably about 300 to about 1500 
centipoises, more preferably about 700 to about 1200 

25 centipoises. 1 cehtipoise is 1 millipascal second in the 
International System of Units. 
[0080] 

According to the above-described process, the 
sol solution solidifies at room temperature in about one 
30 week, yielding a transparent glass fluorescent material 
without diffusion. 
[0081] 

When adding semiconductor ultrafine particles to 
a solution wherein the viscosity of the solution increases 
35 in a predetermined period of time after the sol-gel 
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reaction is initiated, the degradation of the 
semiconductor ultrafine particles dispersed in the glass 
matrix can be suppressed. Therefore, the fluorescent 
material of the invention, i.e., the fluorescent material 
5 obtained by dispersing semiconductor ultrafine particles 
in the glass matrix with 20% or more fluorescence quantum 
yield of photoluminescence can be manufactured using not 
only the semiconductor ultrafine particles capable of 
maintaining about 50% or more fluorescence quantum yield 

10 of photoluminescence when the particles are dispersed in 
water and held at lO^'C to 20^C for five days, but also, 
for example/ semiconductor ultrafine particles with about 
30% of the fluorescence quantum yield of photoluminescence 
under the same conditions. Specifically/ a fluorescent 

15 material obtained by dispersing semiconductor ultriafine 
particles having the diistribution concentration of 
semiconductor ultrafine particles is preferably about 2 x 
10"^ mol/L to about 2 x 10"- mol/L in the glass matrix with 
20% or more fluorescence quantum yield of 

20 photoluminescence can be manufactured. 
[0082] 

When a fluorescent glass obtained according to 
the above process is heated again at about SO'^C to 200'*C 
for about 0.5 to 5 hours, the glass network structure 

25 develops to thereby increases the hardness, yielding a 
high-quality glass. In this case, the hardness of the 
fluorescent material obtained varies according to the 
intended use/ and has a Vickers hardness of about 20 or 
higher/ preferably about 30 to about 200/ and more 

30 preferably about 40 to about 100. The Vickers hardness 
denotes hardness determined based on the ratio of a load 
to the area of the indentation left when an indenter in 
the form of a right pyramid with a square base is used to 
indent/ and is expressed by a unit of pressure. A Vickers 

35 hardness of 100 is 980 megapascals in the SI 
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(International System of Units) unit of pressure* 
[0083] 

In this specification/ the ""'fluorescence quantum 
yield of fluorescent glass'' is determined by producing a 
5 glass cell that has the same thickness as a measurement 
target; introducing a dye with known absorbance and 
fluorescence quantum yield into the produced glass cell^ 
measuring the fluorescence intensity thereof to compare 
therebetween. 
10 [0084] 

The fluorescent material of the invention can be 
manufactured according to the above process. This 
fluorescent material can take any desired form according 
to the purpose of use. For exanqole, spin coat method/ dip 

IS coat method/ etc./ may be conducted to yield a 

fluorescent-material thin film with a thickness of about 
100 microns or less. Such a fluorescent material thin 
film can be used to adjust the color tone by the 
installation thereof on a mirror or a lens , 

20 [0085] 

The fluorescent material of the invention 
manufactured according to the above-described process 
basically exhibits the properties of glass, and is' 
excellent in many properties, such as mechanical, heat- 

25 resistance, chemical stability, etc. The semiconductor 
ultrafine particles contained in the fluorescent material 
also have excellent light resistance and favorable 
stability with the passage of time because the particles 
are isolated from the external atmosphere. 

30 [0086] 

Fluorescent material applications 

Since the fluorescent material obtained by the 
above process has high brightness and emits various colors 
of light under irradiation with a single-wavelength light, 

35 it can be effectively used in light -emitting devices, such 
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as a lighting device^ a display element, etc., in place of 
a conventional fluorescent material. Hereafter, an 
example of an application for the fluorescent material of 
the invention is described* 

S 

(1) Lighting device 

A lighting device employing the fluorescent 
material of the invention is provided with a light- 
emitting device comprising the fluorescent material and a 
10 light source which excites the fluorescent material. 
[0087] 

The semiconductor ultrafine particles dispersed 
in the fluorescent material of the invention absorb all of 
the light that has a wavelength which is shorter than the 

15 band gap, and emit light equivalent to the energy of the 
band gap in the same fluorescence quantum yield, 
irrespective of the excitation light wavelength. 
Therefore, it is possible to design a lighting device in 
such a manner as to emit light of a desired wavelength by 

20 absorbing the light required for excitation with 
wavelengths ranging from 320 nm to 600 nm/ 
[0D88] 

As a light source which excites this fluorescent 
material, a mercury lair^ with a wavelength of 365 nm 

25 (correctly, a main wavelength of 365.08 nm, referred to as 
the ^^i-line of mercury'^) can be mentioned, for example. 
This mercury lamp is advantageous in that it emits a 
strong light, but the light source becomes very hot. 
Examples of the lighting source include ultraviolet to a 

30 blue LED wavelength: 370, 382, 455, 470 nm, etc. ) using 
gallium nitride, indium gallium nitride and like, a blue- 
green to yellow LED (wavelength: 503, 505, 525, 590 
- nanometer, etc.), etc. Such lighting sources are inferior 
to a mercury lamp in strength, but they hardly give off 

35 any heat, and thus are suitable for preventing the 
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degradation of ultrafine particles. Moreover, since they 
are commercially available very cheaply, they are quite 
useful for reducing costs ♦ 
[0089] 

5 A lighting device using such an excitation light 

source can be used as a conation lighting device for 
providing light, a lighting device serving as the 
backlight of a liquid crystal, such as a cold-cathode 
fluorescent lamp, a light source for a liquid crystal 

10 projector for presentation purposes using a mercury lamp, 
etc. This fluorescent material can also be used as a 
laser medium. Moreover, the effect of further controlling 
the color tone can be achieved by allowing a red light-- 
emitting ultrafine particles to absorb light of green, 

IS yellow, etc,, given off from other ultrafine particles/ 
and to emit light • 

(2) Display device 

Display devices, such as a display panel, using 

20 the fluorescent material of the invention as a display^ 
element can be produced by forming a display element 
conpri sing the fluorescent material of the invention on a 
substrate and disposing an excitation light source in such 
a manner as to emit light to the display element while 

25 modulating its intensity according to an information 

signal. The excitation light source needs to have a light 
selected from lights with wavelengths where no matrix 
absorption occurs. Since a light with a wavelength of 
less than 320 nm is absorbed in many cases, a light source 

30 with a wavelength ranging from about 320 nm to about 600 

nm, such as a mercury lamp, LED, a solid-state laser, etc., 

is preferable. 

[0090] 

The use of ultraviolet light as an excitation 
35 light requires a display element which emits red, green. 
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and blue lights. In contrast, however/ when a blue light- 
emitting diode is used as the excitation light source, the 
excitation light can also serve as a blue emitted light. 
Therefore, all that is necessary is to form a display 
5 element that emits red and green lights • 
[0091] 

It is preferable to form the display element as 
a spot of a minute region on the substrate. A favorable 
method for this formation is to spray onto the substrate a 

10 sol solution (glass precursor solution before 

solidification) for manufacturing the fluorescent 
material) from two or more nozzles in a manner similar to 
an Inkjet printer as disclosed in Japanese Unexamined 
Patent Publication No. 2002-211935. In this case, for a 

15 high-precision display, it is preferable to form spots of 
minute regions with a diameter of 200 microns or less, and 
treating, these minute regions as groups. As a sol 
solution usable in this case, a solution capable of being 
sprayed from a nozzle is mentioned among solutions for 

20 manufacturing the fluorescent material glass by the above- 
described sol-gel method. When such a solution is sprayed 
onto the substrate and the sol-gel reaction insufficiently 
advances, all that is necessary is to further promote the 
reaction. Subsequently, the glass precursor solution is, 

25 if necessary, heated at about 80°C to about 200**C for 
about 0.5 to about 5 hours to fully solidify it, thus 
producing a favorable display element- Regarding the 
substrate, the use of a glass substrate can achieve a good 
adhesion with the fluorescent material. 

30 [0092] 

Further, it is possible to attach a fluorescent 
material to a glass substrate, such as commonly used 
substrates, such as glass substrates, e.g., a quartz glass 
substrate, a borosilicate glass substrate, a soda-lime- 
35 glass substrate, etc.; polymer substrates, e.g., a 
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polycarbonate substrate, a polymethylmethacrylate 
substrate, etc., as well as the outer or inner surface of 
a bulb or a fluorescent lamp, the surface of a light- 
reflector on an LCD projector, etc. 
5 10093) 

Usable methods for emitting light while 
modulating the intensity according to an information 
signal include a method of directly modulating the 
intensity of the excitation light source according to an 

10 information signal, a method of turning the light ON and 
OFF or modulating its intensity using a polarizer or 
liquid crystal molecules, etc. In the case of liquid 
crystal molecules, it may be usable to combine a polarizer 
with liquid crystals in which optical anisotropy and 

15 dielectric anisotropy are set to a desired level, 
[Effect of the Invention] 
[0094] 

The semiconductor ultrafine particles of the 
invention have excellent properties: favorable water 
20 dispersibility, high fluorescence quantum yield, and the 
ability to maintain the high fluorescence quantum yield in 
a water-containing aqueous solution in air for a long 
period of time. 
[0095] 

25 Accordingly, when the semiconductor ultrafine 

particles are dispersed in a glass matrix using a; sol-gel 
method/ the good dispersibility and fluorescent ability of 
the ultrafine particles can be maintained during the 
formation of glass from a metal allcoxide, thereby 

30 obtaining a fluorescent material imparted with outstanding 
properties ♦ In particular, according to a process wherein 
the semiconductor ultrafine particles are added to a metal 
alkoxide solution after the sol-gel reaction initiates and 
the viscosity of the solution increases after a given 

35 period of time, it is possible to provide a fluorescent 
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xnaterial with a high fluorescence ability in which the 
semiconductor ultraf ine particles are dispersed in a high 
concentration while maintaining high fluorescence quantum 
yield, 
5 [0096] 

The fluorescent material obtained thus basically 
exhibits the properties of glass, and has excellent \ 
mechanical properties, heat resistance, chemical 
stabilities, etc. Moreover, since the semiconductor 

10 ultraf ine particles are isolated from the external 
atmosphere, they have favorable light resistance and 
extremely excellent stability with the passage of time* 
The fluorescent material has high brightness^ and emits 
various colors of light under irradiation by light with a 

15 single wavelength, and thus can be efficiently used for 

various applications, such as a lighting device, a display 
element r etc., in place of conventional fluorescent 
materials. 

■ ^ 

20 [Best Mode for Carrying out the Invention] 
[0097] 

Hereinafter, the present invention is described 
in detail with reference to Examples. 
[0098] 
25 ExaicqDie 1 

Group II--Vi semiconductor cadmium telluride 
ultraf ine particles were produced according to the 
following process obtained by improving the method 
described in Gao, et al.. Journal of Physical Chemistry ^ B 
30 vol. 102, p- 8360 (1998). 
[0099] 

More specifically, in a Clean Room (10000 class 
or less), hydrogen telluride gas was added to an aqueous 
cadmium perchlorate solution (concentration of 0.013 
35 mol/L) while vigoursly stirring in a round bottom flask 
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charged with an argon gas, and the aqueous cadmium 
perchlorate solution has a pH adjusted to 11.4 and 
coit^ri6es thioglycolic acid (HOOCCH2SH) (TGA) as a 
surfactant- Ultrapure water (produced by a pure water 
5 producing machine, Milli-Q synthesis^ manufactured by 
Nippon Millipore Corporation: Specific resistance; 18 
MD'cm or higher, TOC (total organic carbon: total amount 
of organic compound (s) in water); 5 ppb) was used. The 
molar ratio of cadmium, tellurium, and thioglycolic acid 

10 in the solution was set as 1:0.47:X (X= 0,90, 1*00, 1.25, 
1.50, 1.75, or 2.43), and the variation in the 
fluorescence quantum yield of the ultraf ine particles 
depending on the value of X was examined. The amount of 
the aqueous solution before the start of reaction was set 

15 to 60 cm^. The value of the fluorescence quantum yield of 
the ultraf ine particles was calculated in con^arison with 
a quinine molecule with known absorption coefficient and 
known fluorescence quantum yield, according to a known 
process (Dawson, et al., Journal of Physical Chemistxyi 

20 vbl. 72, p. 3251 (1968)). 
[0100] 

The results are shown in Fig. 1. Fig. 1 shows 
that ultraf ine particles with 50% or higher of 
fluorescence quantum yield can be obtained when the 

25 concentration ratio of TGA to cadmium ions is within the 
range of 1 to 1.5. This may be due to the following 
reason; when the amount of surfactant is too small, the 
ultraf ine particles aggregate and thus do not emit light. 
On the other hand, when the amount of surfactant is too 

30 large, defects on the surface of the ultraf ine particles 
are increased, which causes increased radiationless 
deactivation, resulting in the decreased fluorescence 
quantum yield. 
[0101] 

35 The change over time in the fluorescence of the 



-38- 



solution thus produced was measured while it was contained 
in a sitiall bottle with a small orifice in order to prevent 
any significant evaporation of water, and was allowed to 
stand at room temperature in air. As a result, the 
5 fluorescence intensity once increased over about three 
days, then decreased gradually to become comparable to the 
fluorescence quantum yield of semiconductor particles 
immediately after production in about five days, and 
finally the particles precipitated and did not emit light 

10 after eight days had passed. Even when only a surfactant 
was put into water having a pH of 11.4 as the same above 
and allowed to stand in water, degradation of the 
surfactant advanced in the same time scale as above. 
Therefore, the deterioration of the ultraf ine particles 

15 may be caused by insufficient combination and aggregation 
of the particles by Brown motion in a solution due to the 
degradation of the surfactant. The elevation in the 
fluorescence intensity can possibly be caused by a reduced 
number of defects on the surface because an SH group was 

20 liberated due to the decoir^osition of the surfactant, and 
the liberated SH group attached itself to the surface of 
the ultraf ine particles. 
[0102] 

According to a known reference (Talapin, et al., 
25 Journal of the American Chemical Society f vol. 124, p. 
5782 (2002) ) , only particles emitting bright light were 
separated from this ultraf ine particle dispersion by size- 
selective precipitation. Thereafter, when the extracted 
powder was re-dispersed in water, the fluorescence quantum 
30 yield of the ultrafine particles in the dispersion was 70% 
To the solution were added cadmium ions and a surfactant 
in approximately the same amount as the ingredients 
forming the original ultrafine particles to adjust the pH 
to about 11. Then, the surface appearance of the 
35 ultrafine particles was favorably maintained and the 
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fluorescence quantum yield was maintained at 50% or higher 

for five days or more. 

[0103] 

Example 2 ' 

5 . 3 g of aminopropyltrimethoxy silane and 28 g of 

methanol were sufficiently stirred^ and 10 ml of the 
mixture was extracted and put into a petri dish made of a 
fluororesin with a diameter of 5 cm. 
[0104] 

10 A small stirring bar was placed in this petri 

dish. The mixture was stirred while covering the dish 
from the top to prevent the entry of dustr and hydrolysis 
and subsequent dehydration condensation polymerization 
were allowed to proceed according to reaction formula, 

15 HjN- (CH2) 3-Si- (OCH3) 3+3H2O H2N- (CH2) 3-Si- (OH) 3 + 3CH30H 

When the viscosity of the solution reached about 
1000 centipoise after about 12 hours passed at a 
tenqperature of 23**C and humidity of 60%, 1.2 ml of the 
dispersion of cadmium telluride ultrafine particles which 

20 emitted the red light of Example 1 (X«=1.50) and 2«8 ml of 
water were put in the solution, and the result was further 
stirred for 10 minutes, yielding a glass precursor 
solution • The viscosity of the solution was determined by 
measuring about 5 ml of the solution with an oscillation 

25 viscometer, Viscomate VM-IG/ manufactured by CBC Materials 
Co,, Ltd. Hereafter, unless otherwise specified, the 
viscosity was determined in the same manner. 
[0105] 

The stirring bar was taken out under this 
30 condition, and the sol-gfel reaction was advanced further. 
Seven days later, the solution had solidified completely, 
yielding transparent glass. At this time, the 
concentration of the ultrafine particles in the glass was 

about 1x10"^ mol/L. 
35 [0106] 
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Fig- 2 shows the measurement results of the 
optical absorption spectrum and emission spectrum of the 
glass. The fluorescence quantum yield of the 
photoluminescence of the ultrafine particles dispersed in 
5 the glass was estimated to be 28% from this result. 
[0107] 
Exan^le 3 

The glass of Example 2 was heated at 100**C under 
art atmosphere of argon for two hours. At this time/ the 

10 rate of the rise or drop in temperature was set to be 
0.5°C/minute to prevent the formation of cracks in the 
glass. This heat treatment caused the weight to decrease 
by about 5%. The fluorescence quantum yield of the 
ultrafine particles in the glass of Example 2 was rietained 

15 in the ultrafine particles in the obtained cured glass. 
[0108] 

The hardness of the heat-treated glass was 
measured with a hardness tester (manufactured by Alcashi^- 
Microvickers Hardness Tester MVK-E) , atid a Vickers 

20 hardness of about 50 (490 megapascals in the International 
System of Units). Since the glass before the heat 
treatment was too soft and no indentation were formed, the 
hardness was not able to be measured. As described above^ 
the heat treatment permitted the dehydration condensation 

25 reaction to proceed/ thereby improving the quality of the 
glass, 
[0109] 

It was determined that this heat treatment 
possibly grows glass particles, and slightly scatters the 
30 light. ' 
[0110] 
Example 4 

In Example 2, when the solution in which the 
ultrafine particles were distributed was stirred, the 
35 viscosity once dropped. However/ when the reaction 
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advanced, the viscosity increased agfain. When the 
viscosity of this solution reached about 1000 centipoises, 
it was applied to the reflector of a high-pressure mercury 
lanip with a brush, the reflector with the solution was 
5 allowed to stand at room temperature overnight, and then 
the result was heated at 80*0 for two hours. 
(0111] 

The reflector coated with a fluorescent material 
thin film containing the semiconductor ultrafine particles 

iO was able to efficiently convert ultraviolet light with a 
wavelength of 365 nm which was emitted from the high- 
pressure mercury lan^ into red light. The fluorescent 
material glass was also able to simultaneously absorb 
light with wavelengths of 441, 547, and 570 nm which was 

15 contained in the light emitted from the light source, and 
to efficiently convert them into red light. 
[0112] 

Since the fluorescence quantum yield of the 
fluorescent material used was high in this process, the 
20 efficient conversion to red light was possible. 
[0113] 
Exan4)le 5 

. The glass precursor solution containing 
ultrafine particles in the middle of production in Example 

25 2 was etched by hydro fluoric acid to form grooves shaped 
like a character with a depth of about 0.5 mm, when the 
viscosity of the glass precursor solution containing 
. ultrafine particles in the middle of production in Example 
2 reached about 700 centipoises, the solution was poured 

30 into the grooves. The result was allowed to stand at room 
ten^erature overnight, and was then heated at 60"C for 
five hours, thereby promoting the sol-gel reaction. Thus, 
a fluorescent material glass that emitted light in the 
shape of a character was able to be formed on the glass 

35 substrate. This fluorescent material glass was firmly 
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adhered to the glass substrate, and the adhesion to the 
glass substrate increased when the solution was pourisd in 
three stages. 
[0114] 
5 Example 6 

26 ml of the dispersion (x«1.50) of cadmium 
telluride ultrafine particles produced in Example 1 was 
prepared, and this was concentrated to the volume of 7 ml. 
When 0,9 lul of isopropanol was added to the condensed ; 

10 solution^ followed by another addition of 0.1 ml of 

isopropanol, the ultrafine particles deposited to make the 
solution cloudy. The concentrated dispersion was 
subjected to a centrifugal separator at a rate of 3000 
rotations /minute to coir5)letely precipitate the particles 

15 over five minutes, and the precipitate was extracted. 

0.2 ml of isopropanol was added to a supernatant 
to precipitate the remaining ultrafine particles, and the 
precipitate was separated by centrifugation. in the same 
manner as described above. The precipitate separated was 

20 washed with isopropanol, dried, and then immediately put 
in 2 ml of ultrapure water^ yielding a, monodispersion of 
the ultrafine particles. The absorption spectrum was 
measured to estimate the concentration of the ultrafine 
particles in this solution, which showed that the 

25 concentration was about 15 times that of the ultrafine 
particles immediately after production, 
[0115] 

In order to prevent the deterioration of the 
thus-'prepared ultrafine particles, a preparation liquid 

30 was prepared. The preparation liquid had almost the same 
concentration as that of each material used at the 
initiationof ultrafine particle production, and, more 
specifically, it was composed of cadmium ions (0.013 
mol/L) and TGA (0-020 mol/L) and the pH was adjusted to 

35 11.4 by sodium hydroxide. 
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[0116] 

l-Ethyl-3- (3-dimethylaminopropyl) carbodiimide 
hydrochloride (C2H5-N-C-N-CH2CH2CH2N (CHa) 2 • HCl) (abbreviated 
as WSC) , which is a wat^sr-soluble carbodiimide , was used 
5 as the component for chemically binding glass matrix with 
the semiconductor ultrafine particles . 
(0117] 

These conqponents were mixed in such a manner as 
to yield the ratio shown in Table 1^ and the five types of 

10 ultrafine particle dispersions were prepared. Initially, 
the preparation liquid, WSC, and water were mixed, and 
finally a dispersion of the refined cadmium telluride 
ultrafine particles was added. 
[0118] 

15 [Table 1] 

Compositions of dispersions and 

tiie concentration of the ultrafine particles in a glass 
fluorescent material manufactured ti^eref rom 



Concentration of 

. ultrafine 
particles in the 
produced glass 

fluorescent 
material/XO'*M 


Purified. 
CdTe/mL 


Preparation 
liquid/mL 


Water/niL 


WSG/g 


1 


0.053 


0.5 


0.45 


0.0046 


2 


0. 106 


0.5 


0.4 


0. 0092 


.5 


0. 265 


0.5 


0.235 


0.023 


10 


0.5299 


0.4 


0.07 


0.046 


20 


1.06 


0.2 


0 


0.092 



20 

[0119] 

In contrast, 2 g of aminopropyltrimethoxy silane 
and 18 g of methanol (about 50:1 in molar ratio) were 
mixed and stirred^ yielding a solution. 10 ml of the 
25 solution was extracted and put in a petri dish made of 
fluororesin with a diameter of 5 on. 1 ml of water was 
then added thereto and the resulting mixture was stirred 



ait room temperature of 14*^0 and humidity of 45% for about 
24 hours, thereby promoting hydrolysis and a dehydration 
condensation reaction , yielding a solution with a 
viscosity of about 1000 centipoises- 
5 [0120] 

The solution in which the hydrolysis and the 
dehydration condensation reaction was promoted was poured 
into five petri dishes, and 1 ml of each of the five types 
of solutions shown in Table 1 was added to each petri dish. 
10 The mixtures were stirred for one minute each. Thereafter, 
the result was allowed to stand at the same room 
temperature and humidity for five days, and it had 
solidified to produce a glass fluorescent material. 
[0121] 

IS A glass fluorescent material in which ultrafine 

particles with a minimum concehtratipn of 1x10"^ mol/L, 
and ultrafine particles with a maximum concentration of 
2x10"^ mol/L, as shown in the rightmost column of Table 1, 
were produced from each solution shown in Table 1. The 

20 fluorescence quantum yield of the ultrafine particles in 
this glass was 36%, 25%, 26%, 20%, and 21% in the order 
from top to bottom in Table 1, In other words, the 
fluorescence quantum yield of photoluminescence was 20% or 
higher. It should be noted that the wavelength of the 

25 excitation light at this time was 400 nm. 
[0122] 

Moreover, according to the process, the addition 
of carbodiimide as a dehydration condensing agent achieved 
the formation of a chemical bond between the ultrafine 

30 particles and a glass matrix formed from 

aminopropyltrimethoxy silane, which is a compound having 
an amino group, and such a chemical bond is effective for 
preventing the aggregation of ultrafine particles and 
protecting the surface condition, 

35 [0123] 
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According to the above-deseribed process, not 
only a fluorescent material emitting red light, but also a 
fluorescent material emitting green light with 20% or 
higher of fluorescence quantum yield was obtained. 
5 [0124] 
Example 7 

The glass precursor solution containing 
ultrafine particles in the middle of production process in 
Example 2, which had a viscosity of about 350 centipoises, 

10 was used to produce a fluorescent material according to 
the process described in Example 3 of Japanese Unexamined 
Patent Publication No. 2002-211935. By heating a nozzle 
attached to a container of the glass precursor solution, 
fine drops of the glass precursor solution were ejected 

15 from the tip of the nozzle to the substrate, and the 
substrate was left at room ten?>erature overnight. 
Subsequently, the substrate was heated at lOO^C for two 
hours to promote the sol-gel reaction, whereby a 
fluorescent material composed of a large number of minute 

20 regions each with a diameter of about 100 microns was 
produced on the substrate. Since the cadmium telluride 
ultrafine particles were able to emit red or green light 
depending oh the particle diameter, the particles were 
able to be excited by multiple blue-light emitting LEDs 

25 (manufactured by Audio 0, wavelength of 470 nm), to obtain 
a light in desired colors. 
[0125] 
Exanqple 6 

The display device shown in Fig. 3 was produced 
30 using a blue-rlight emitting LED as a light source. 
[0126] 

This display device employed the same kind of 
system as applied to common liquid crystal displays, and 
had a light diffusing panel, a polarizer, a transparent 
35 electrode, a light alignment film,, a liquid crystal cell. 
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and an analyzer disposed on a support substrate, and a 
glass substrate to which the glass fluorescent material of 
the invention was adhered was disposed thereon. Between 
the glass fluorescent materials was disposed a black 
5 matrix for reducing light leakage, and a surface 
protection board was further disposed thereon. 

The display device employs glass fluorescent 
materials, one which emits red light (610 nm) and another 
which emits green light (540 mn) ; and a portion coated 
10 with no grass fluorescent material (cavity) was able to . 
emit blue light because the excitation light passed hot 
being absorbed. 
[0127] 

As shown in Fig • 4 ^ a diffusion of excitation 
15 light can be achieved by positioning glass in which 

silica-glass balls with a diameter of about 100 nm, which 
were obtained in the same manner as glass fluorescent 
materials of the invention/ are distributed instead of the 
semiconductor ultrafine particles onto a cavity coated 
20 with no glass fluorescent materials. In the display 
device thus configured, the blue light traveled in the 
same manner as the red and green lights. In the display 
device of Fig. 4, providing a reflector on the support 
substrate allowed the excitation light and the fluorescent 
25 light emitted by the excitation light to efficiently 
travel toward the direction of the upper surface. 
[0128] 

In the display devices shown in Figs. 3 and 4, 
the orientation direction of each liquid crystal cell was 

30 controlled by changing the applied voltage according to an 
information signal, thereby changing the intensity of blue 
excitation light striking the fluorescent material glass. 
This made it possible to emit light with the desired color 
and gradation, thereby providing a high-performance color 

35 display device. 
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[0129] 

The current liquid crystal color display employs 
a coinbination of a white light source and red, green, and 
blue filters instead of the coiribination of a blue light 
5 source and fluorescent material glass of this Example. In 
this configuration^ much of the light is absorbed/ 
resulting in an energy loss- As compared with such a 
configuration^ the device of Example 8 offers advantages 
in that the required color is directly obtained^ resulting 

10 in favorable energy efficiency and light is emitted to all 
sideS/ resulting in a wide angle of visibility.. Moreover^ 
it is also possible to obtain blue light using cadmium 
selenide ultrafine particles by employing an ultraviolet 
LED as an excitation light source, instead of a blue light 

IS source. 
[0130] 
Example 9 

When the viscosity of the glass precursor 
solution containing the ultrafine particles in the middle 

20 of production process in Example 2 reached about 700 

centipoises, the solution was dropped on the surface of a 
glass mirror and spin coating was carried out at about 500 
rot at ions /minute. This provided a glass fluorescent 
material thin film about 1 pm thick. The temperature of 

25 the thin film was elevated (at a rate of O.S^C/minute) and 
was retained at lOOX for two hours. The heated thin film 
was then cooled (at a cooling rate of 0.5°C /minute), to 
produce a cured glass film. More solution was then 
applied to the cured glass film, and subjected to heat 

30 treatment/ increasing the film thickness • 
[0131] 

When the light of a high pressure mercury laxap 
was applied to the glass mirror thus obtained, part of the 
blue component was converted into red, thereby obtaining a 
35 warmer light. 
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10132] 
Exairqple 10 

A dispersion of ultrafine particles con^jrising 
the components shown in the top column of Table 1 of 
5 Exaw^le 6 was prepared. The scale of the experiment was 
enlarged so as to obtain a total amount of liquid three 
times that of the solution of No. 1. The pH of the 
solution was adjusted to 8^ so that the water-soluble 
carbodiimide (WSC) was able to easily form a peptide bond. 

10 , In general, WSC is easy to form a peptide, bond at a pH of 
4 to 8. When the viscosity of the sol solution/ as . 
measured using a vibration-type viscometer, had reached 
• 1000 centipoises/ the above-described dispersion of 
ultrafine particles was put in the sol solution and the 

15 mixture was stirred for one minute. Then, the mixture was 
allowed to stand indoors for five days, during which time 
it solidified, yielding a glass fluorescent material. 
[01331 

Fig. 5 shows the measurement results of the 

20 fluorescent spectrum of the first dispersion of ultrafine 
particles and the obtained glass. The absorption . spectrum 
of the first dispersion of ultrafine particles is al6o 
shown for reference. Atii can be seen from Pig. 5, since 
there was basically no difference found in the fluorescent 

25 spectrum between them, the surface appearance of the 
ultrafine particles after being distributed in a glass 
matrix was maintained in almost the same state as that of 
the ultrafine particles in the solution. This showed that 
the fluorescence quantum yield hardly changed even when 

30 the ultrafine particleis were put into glass, and actually, 
43% of the fluorescence quantum yield was obtained when 
the glass was excited by light with a wavelength of 365 nm. 
Since the surface appearance of the ultrafine particles 
was maintained, the high dispersibility of the ultrafine 

35 particles was also preserved. 
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[0134] 

The disclosures of the documents cited in the 
detailed description of the invention in the present 
specification are incorporated herein by reference. 

5 

(Brief Description Of Drawings] 
[0135] 

Fig. 1 is a graph showing the relation between 
the concentration ratio of thioglycolic acid to cadmium 
10 ions and the fluorescence quantum yield of 

photoluminescence of an ultrafine particle dispersion 
using the semiconductor ultrafine particles obtained in 
Example 1. 

Fig. 2(a) is a diagram showing the absorption 
15 spectrum of the fluorescent materijal glass malnufactured in 
Example 2, and Fig. 2(b) iS a diagram showing the emission 
spectrum thereof. 

Pig. 3 is a view schematically illustrating a 
display device using the fluorescent material of the 
20 invention. 

Fig. 4 is a view schematically illustrating 
another example of a display device using the fluorescent 
material of the invention. 

Fig. 5 is a diagram showing the emission 
25 spectrum of the fluqrescent glass manufactured in Example 
10, and the emission spectrum and absorption spectrum of 
ultrafine particles in a solution state. 
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. [Document Name] Drawing 
Fig. 1 
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Fig. 3 
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Fig. 5 
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[ Document Name] Abstract 

[Abstract] 

[Object] 

The present invention provides a novel 
5 . fluorescent material which has a luminance higher than 
that of the conventional rare earth ion-dispersed 
fluorescent materials and is excellent in light resistance 
and long-term stability, and also an optical device, such 
as a high-luminance display panel or lighting equipment, 
10 which uses such a fluorescent inaterial. 



[Method for Achieving the Ctoject] 

Semiconductor ultrafine particles are 
characterized by maintaining 50% or more fluorescence 
15 quantum yield of photoluminescence when they are kept 

dispersed in water at lO^C to 20'C in air for 5 days. The 
fluorescent material is obtained by dispersing such 
semiconductor ultrafine particles in a glass matrix using 
a sol-gel process. 



[Selected Figure] Pig. 1 



